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Introduction
The third revision of the Adult Treatment Panel (ATP III) (1) is a guideline for cholesterol testing and management in the United States published by the National Cholesterol Education Program (NCEP) in 2001. The NCEP-ATP III emphasizes, in addition to the importance of cholesterol control, the importance of other risk factors for development of cardiovascular diseases, especially coronary heart disease, and proposes that concurrence of risk factors in individuals be designated as metabolic syndrome. This indicates that rigid control of the serum cholesterol level alone cannot completely prevent the occurrence of coronary heart diseases and that risk factors other than low density lipoprotein (LDL)-cholesterol and their concurrence in individuals are crucial to the development of coronary heart diseases.
In the NCEP-ATP III, metabolic syndrome in men is defined as the coexistence in an individual of at least three of the following: 1) waist girth over 102 cm, 2) serum triglyceride level over 150 mg/dl, 3) serum high density lipoprotein (HDL)-cholesterol level below 40 mg/dl, 4) systolic blood pressure (SBP) over 130 mmHg and/or diastolic blood pressure (DBP) over 85 mmHg, and 5) fasting plasma glucose level over 110 mg/dl. The existence of insulin resistance seems to underlie metabolic syndrome. We previously reported that the existence of insulin resistance contributes to the development of metabolic syndrome in Japanese men (2− 4) . In Japanese people with a genetic predisposition to low mean serum cholesterol levels, insulin resistance is relatively more influential than the other risk factors for cardiovascular diseases, including coronary heart disease (4, 5) . The designation of metabolic syndrome in the NCEP-ATP III appears to be useful for prevention of arteriosclerotic diseases in Japanese people as in the United States. However, to our knowledge, there has been no report on the association between metabolic syndrome and cardiac diseases in Japanese people.
The aim of this study was to determine whether the concept of and the criteria for metabolic syndrome proposed by the NCEP-ATP III can be applied to Japanese men to predict onset of cardiac diseases and whether the criterion of three or more risk factors for the diagnosis of metabolic syndrome is a reasonable one on the basis of the results of a 6-year followup study.
Methods
The subjects were 808 men who underwent health examinations in the towns of Tanno and Sobetsu in Hokkaido, Japan (6) and who were not receiving treatment for hypertension, diabetes or hyperlipidemia. The mean age of the subjects was 60.3±11.9 years. Information on medication being taken by the subjects was obtained through questionnaires distributed by a health nurse. Informed consent for inclusion in this study was obtained from all subjects. Blood samples were collected early in the morning from subjects more than 10 h after the last dietary intake. The plasma level of glucose (determined by the glucose-oxidize electrode method), and the serum total cholesterol (cholesterol-oxidize−dimethoxy-anilinehydroxy-3-sulfopropyl [DAOS] method), serum HDL-cholesterol (dextran-sulfate magnesium-hydrochloride precipitation method) and serum triglyceride levels (glycerol-3-phosphate-oxidize− DAOS method) were measured. Waist girth was measured (7) after expiration at the level of the navel by the same technician. Blood pressure was measured twice in the sitting position using a mercury sphygmomanometer (the first phase of Korotkoff's sound was taken as the SBP and the fifth phase was taken as the DBP). The average of the two measurements was used for analysis.
Subjects having one or more of the following criteria for metabolic syndrome in the NCEP-ATP III were identified: serum triglyceride level over 150 mg/dl (hypertriglyceridemia [ Of the 808 subjects in the present study, only 17 (2.7%) fulfilled this criterion (waist girth over 102 cm). We therefore used waist girth over 85 cm, which is the criterion for obesity of visceral fat type of the Japan Society for the Study of Obesity (7, 8) , as the criterion for AO. Subjects who had 3 or more of the risk factors were judged as having metabolic syndrome (MS group), and subjects who had 2 or less risk factors were judged as not having metabolic syndrome (non-MS group). Twenty-eight men for whom data on waist circumference or on biochemical measures included in the definition of MS were missing were excluded, leaving 780 men for analysis. The subjects were followed up for 6 years. The end-point was the occurrence of cardiac diseases, including angina pectoris, myocardial infarction, and heart failure, or death from such cardiac diseases. Occurrence of cardiac diseases was determined by interviews with the subjects and their families, notification from district health nurses, and distribution of questionnaires to family doctors who had treated subjects with cardiac disease. Diagnosis of cardiac disease was made from clinical symptoms and results of laboratory examinations such as ECG, chest X-ray photograph (XP) and blood tests. Diagnosis of coronary heart disease was made on the basis of the criteria of the MONICA project (available from: http://www.ktl.fi/publications/monica/manual/index.htm). The incidence of cardiac diseases during the 6-year period was compared between the MS group and the non-MS group. Moreover, the incidences of cardiac diseases in subjects who had 2 or more risk factors (2, 3, 4 or 5 risk factors) and in subjects who had 4 or more risk factors (4 or 5 risk factors) in the first year were compared with the incidences in subjects who had less than 2 risk factors (0 or 1 risk factor) and in subjects who had less than 4 risk factors (1, 2 or 3 risk factors), respectively. Follow-up was started in August 1993 and completed in August 1999.
The Japanese Windows Edition of the Statistical Package for Social Science (SPSS) Ver. 11 was used for statistical analysis. All numerical values are expressed as the means±SD. The unpaired t-test was used for examination of intergroup differences. For analysis of factors determining prognosis, Cox's proportional hazards model was used. A pvalue less than 0.05 was considered statistically significant.
Results
The mean age of all subjects was 60.3 ±11.9 years, the mean body weight was 61.3±9.8 kg, the mean body mass index (BMI) was 23 6 .8% and 1.0%, respectively. The proportionsof subjects with 2 or more, 3 or more and 4 or more risk factors were 52.2%, 25.3% and 7.8%, respectively. Subjects who had 3 or more risk factors were assigned to the MS group. Table 1 compares the profiles of subjects in the MS group with those of subjects in the non-MS group (i.e., subjects with two or less risk factors). There were no significant differences between the two groups in age. The values of BMI, waist girth and blood pressure and the levels of total cholesterol, triglycerides and fasting plasma glucose were significantly higher in the MS group. The HDL-cholesterol level was significantly lower in the MS group.
During the follow-up study, from 1993 to 1999, 193 subjects dropped out. There was no significant difference between the subjects who dropped out and the remaining subjects in terms of the proportion of subjects with metabolic syndrome. The remaining 615 subjects were followed for a mean period of 4.8 years. Cardiac disease occurred in 49 subjects (angina pectoris occurred in 30 subjects, myocardial infarction in 15 subjects and heart failure in 4 subjects), or 31 subjects in the non-MS group and 18 subjects in the MS group.Thirty-two of the subjects with 2 or more risk factors and four of the subjects with 4 or more risk factors developed cardiac disease. Table 2 shows a comparison of clinical characteristics at baseline between subjects with and those without cardiac disease. There were no significant differences between the two groups in the values of BMI, waist girth or Abbreviations are the same as in Table 1 . Cardiac diseases are angina pectoris, myocardial infarction, heart failure and death from such cardiac diseases. Values are means±SDs.
blood pressure or in the levels of total cholesterol, triglycerides, fasting plasma glucose and HDL-cholesterol. The Kaplan-Meier hazard curve showed that the incidence of cardiac diseases was significantly higher in the MS group than in the non-MS group during the follow-up study (Fig. 1) . The relative risk of occurrence of cardiac diseases in the MS group was 2.23 (95% confidence interval [CI]: 1.14−4.34; p= 0.019)-times higher than that in the non-MS group according to the results of analysis using Cox's proportional hazards model adjusted for age, smoking and total cholesterol. The risks of occurrence of cardiac diseases in the subjects with 2 or more risk factors and in those with 4 or more risk factors relative to the risks in the subjects with less than 2 risk factors and in those with less than 4 risk factors were 1.43 (0.73− 2.81, p= 0.301) and 1.74 (0.61−4.93, p= 0.299), respectively (Table 3) .
Discussion
Hyperlipidemia, hypertension, disorders in glucose tolerance, and obesity are well-known risk factors for cardiovascular diseases. It was clarified by epidemiological studies in the 1990s that even if the risks of individual factors were not serious, the probability of the occurrence of ischemic cardiac diseases would increase when many risk factors coexisted in an individual (9−16). The clinical findings for metabolic syndrome as defined by the NCEP-ATP III reflect this state. The definition of metabolic syndrome by NCEP-ATP III emphasizes the importance of abdominal obesity and includes in the diagnostic criteria mild risk factors such as blood pressure at high levels within the normal range and hyperglycemia under a fasting condition. The diagnostic criteria for individual risk factors are shown more clearly in the criteria of metabolic syndrome as defined by NCEP-ATP III. High blood pressure and hyperglycemia are defined as risk factors in MS, even though in general they are less severe conditions than hypertension or diabetes as defined in the Sixth Report of the Joint National Committee (JNC VI) (17), or by the criteria of the World Health Organization-International Society of Hypertension (WHO/ISH) (18), the World Health Organization (WHO) (19) , or the American Diabetes Association (ADA) (20) . This indicates that the concurrence of mild risk factors is crucial for the development of arteriosclerosis in the concept of metabolic syndrome. In the present study, the criteria for metabolic syndrome in the NCEP-ATP III were applied to Japanese men with the modification that 85 cm instead of 102 cm was used for the cut-off value of waist girth for AO. Using the original NCEP-ATP III criteria, only 2.7% of the present subjects fulfilled the criterion of waist girth over 102 cm, and the prevalence of the metabolic syndrome was 12%. We therefore used as the criterion for AO waist girth over 85 cm, which is the criterion of the Japan Society for the Study of Obesity (7, 8) for obesity of visceral fat type. Waist girth of 85 cm in Japanese men is known to correspond to an area occupied by visceral fat of 100 cm 2 in transverse CT images at the level of the navel (8) . The incidences of hypertension, diabetes, hyperlipidemia and diseases of the circulatory organs are high in men in whom the area of visceral fat exceeds 100 cm 2 in transverse CT images (8, 21) . An increase in the amount of visceral fat, which causes abdominal obesity, tends to induce insulin resistance and is associated with arteriosclerosis (8, 21, 22) . Measurement of waist girth is a simple but apparently useful method for diagnosing abdominal obesity. In Asians, decreasing the criterion of waist circumference increased the prevalence of the metabolic syndrome. When the criterion of waist Fig. 1 circumference was decreased from 102 cm to 90 cm, the prevalence of the metabolic syndrome increased 13% to 21% in the Singapore male population (23) , and 16% to 29% in the Korean male population (24) . This suggests that NCEP-ATP III criteria may underestimate the population at risk in the Asian population. There is thus need of a new abdominal obesity criterion for metabolic syndrome that is suitable for the Japanese population.
Lakka et al. (25) reported in 2002 that the risk of mortality from coronary heart diseases was higher in individuals with metabolic syndrome in the ordinary Finnish male population that included subjects who were receiving treatment for hypertension or hyperlipidemia, and they emphasized the importance of prevention of development of metabolic syndrome and the importance of its diagnosis and therapy in an early stage. In the present study, in the subjects who were not receiving treatment for hypertension, diabetes or hyperlipidemia, the relative risk of mortality and morbidity from cardiac disease in the metabolic syndrome group, even after adjusting for age, smoking and total cholesterol, was 2.2-times greater than that in the non-metabolic syndrome group.
On the other hand, there were no significant differences between cardiac disease mortality/morbidity in the subjects with 2 or more risk factors and those with less than 2 risk factors or between cardiac disease mortality/morbidity in the subjects with 4 or more risk factors and those with less than 4 risk factors. This indicates that the NCEP-ATP III criterion for metabolic syndrome, i.e., the presence of 3 or more risk factors, is reasonable for predicting cardiac disease in the Japanese population.
Our results indicate that the concept of metabolic syndrome defined by the NCEP-ATP III is useful for prediction of onset of cardiac disease in Japanese men.
The concept of metabolic syndrome seems to be strategically important for prevention of arteriosclerotic diseases in Japan as well as in the United States, Finland or other countries, because individuals with metabolic syndrome can be easily identified according to the criteria. It is important to control risk factors for cardiovascular diseases, such as lipid metabolic disorders, high blood pressure, disorders in glucose tolerance, and obesity, in persons with metabolic syndrome (i.e., in persons having three or more of these risk factors), even if the risk of each factor is not serious. A strategy for the control of these risk factors is therefore needed.
